Distribution of sedimentary rock types through time in a back-arc basin: A case study from the Jurassic of the Greater Caucasus (Northern Neotethys) by Ruban, Dmitry A.
The evolution of sedimentary basins can be explored by analyzing the changes in their lithologies
and lithofacies (i.e. predominant lithologies). The Greater Caucasus Basin, which was located at the
northern margin of the Neotethys Ocean, represents a complete Sinemurian–Tithonian succession. A
quantitative analysis of compiled datasets suggests that principal lithologies and lithofacies are
represented by siliciclastics, shale and carbonates. The relative abundance of siliciclastics and shale
decreased throughout the Jurassic, whereas that of carbonates increased. Evaporites are known from
the Upper Jurassic, while volcaniclastics and volcanics, as well as coals, are known only in the Lower
to Middle Jurassic. Siliceous rocks are extremely rare. Lithology and lithofacies proportions change
accordingly. The Sinemurian–Bathonian sedimentary complex is siliciclastic-and-shale-dominated,
whereas the Callovian–Tithonian sedimentary complex is carbonate-dominated. A major change in
the character of sedimentation occurred during the Aalenian–Callovian time interval. Regional
transgressions and regressions were more important controls of changes in the sedimentary rock
proportions than average basin depth. Landward shoreline shifts were especially favorable for
carbonate accumulation, whereas siliciclastics and shale were deposited preferentially in regressive
settings. An extended area of the marine basin, its lower average depth, and a sharp bathymetric
gradient favored a higher diversity of sedimentation. An orogeny at the Triassic–Jurassic transition
was responsible for a large proportion of siliciclastics and extensive conglomerate deposition. An arc-
arc collision in the Middle Jurassic also enhanced the siliciclastic deposition. Both phases of tectonic
activity were linked with an increase in volcanics and volcaniclastics. Volcanism itself might have
been an important control on sedimentation. A transition to carbonate-dominated sedimentation
occurred in the Late Jurassic, reflecting a tectonically calm period.
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through time in a back-arc basin: 
A case study from the Jurassic of the Greater
Caucasus (Northern Neotethys)
Dmitry A. Ruban
Introduction
The methods of sequence stratigraphy and basin analysis are effective for
interpretation of the architecture and evolution of sedimentary basins (e.g. Boggs
2006; Catuneanu 2006; Veeken 2006; Catuneanu et al. 2009). The assessment of
variations in the quantities of sedimentary rock types may yield important clues
to general patterns of sedimentation dynamics. Such studies were attempted on
a global scale by Ronov et al. (1980). Peters (2006) investigated the proportions of
common Phanerozoic rock types in North America. Quantitative evaluation of
rock proportions is a suitable tool to explore particular sedimentary basins of
different types. Peters (2006) revitalizes previous discussions on general trends in
variation of particular rock types through geologic time.
The Greater Caucasus Basin, which was located at the northern active margin
of the Neotethys Ocean in the Jurassic (Fig. 1), has a diverse and well-studied
sedimentary record and provides an exceptional opportunity to study the
changes in rock proportions through time. Coarse to fine-grained siliciclastic,
carbonate, evaporite, coal, and siliceous deposits, as well as volcaniclastic and
volcanic rocks, have been described from this basin (Prozorovskaya 1979;
Rostovtsev et al. 1992; Ruban 2007a, 2008a, b). As shown by a recently published
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Fig. 1
Present location of the Greater Caucasus (A), regional Middle Jurassic paleogeographic sketch map
(after Ruban 2006b) (B), and global Jurassic tectonics (after Scotese, 2004) (C). Numbers 1–3 on A
indicate reference areas for composite stratigraphic sections presented in Fig. 2
synthesis (Ruban 2007a), relative proportions of these rocks changed not only
temporally, but also geographically. A dramatic change took place at the
Middle–Late Jurassic transition with a shift from siliciclastic to carbonate rocks.
Moreover, recent studies made it possible to outline the Jurassic evolution of the
Greater Caucasus Basin and, thus, allowed a discussion of the nature of the
changes in sedimentary rock proportions. Jurassic transgressions and regressions
of the Caucasus region were reconstructed (Ruban 2006a, 2007a, 2008b) and
compared with the global eustatic curves (Haq et al. 1987; Hallam 1988, 2001; Haq
and Al-Qahtani 2005). New tectonic models were proposed for the study region
(Ershov et al. 2003; Kazmin and Tikhonova 2006; Ruban 2006b, 2007b, 2008a;
Saintot et al. 2006; Tawadros et al. 2006) and they were fitted to the global plate
tectonic reconstructions (Dercourt et al. 2000; Stampfli and Borel 2002; Golonka
2004; Scotese 2004).
The Greater Caucasus Basin is regarded as a back-arc basin, located in a key
position between the structural domains of Southern Europe and the Middle
East. An evaluation of its sedimentary evolution during the Jurassic is
particularly important because it can demonstrate some patterns common to
other back-arc basins. It is expected that this study may provide a kind of
framework for a quantitative analysis of the basin-wide character of sedimentary
processes.
Geologic setting
The mountain range of the Caucasus, which is more than 1100 km long, lies
between the Black Sea and the Caspian Sea. It covers an area of about 400,000
km2. It consists of the Greater Caucasus, the object of the present study, the
Lesser Caucasus, and the Transcaucasian Depressions (Fig. 1). A number of
particular areas are distinguished within this region for each major geologic time
slice on the basis of their sedimentary successions and facies. Traditionally, they
are called "structural-facial zones" (e.g. Rostovtsev et al. 1992). The size of these
areas varies, but it is generally measured by thousands of km2.
The geology of the Caucasus, with a special emphasis on the Jurassic, was
reviewed recently by Ershov et al. (2003), Kazmin and Tikhonova (2006), Ruban
(2006a, b; 2007a, b; 2008a, b), Saintot et al. (2006), Tawadros et al. (2006), and
Efendiyeva and Ruban (2009). Many questions on the regional geology, however,
remain open. Generally, the Greater Caucasus is interpreted as a Gondwana-
derived terrane that docked at the Laurussian margin of the Paleotethys Ocean
in the Late Devonian. It was translated to its present position at the southern
edge of the Russian Platform along a major shear zone in the Late Triassic–earliest
Jurassic. A back-arc basin evolved there until the Late Cenozoic when an orogeny
began. The arc complexes are now exposed within the southern structures of the
Greater Caucasus.
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In the Jurassic, the Greater Caucasus Basin was situated on the northern active
margin of the Neotethys Ocean (Fig. 1). It was an asymmetrical basin with a steep
southern slope and a gentle northern slope. The basin was bounded to the south
by an island arc, whereas it was connected with the epicontinental shallow-
marine basins of the Russian Platform to the north (Ruban 2006b). Hettangian
strata are absent in the Greater Caucasus. The Sinemurian–Bathonian interval is
dominated by siliciclastic deposits with a total thickness of up to 10 km, and it
includes some volcanics and volcaniclastics (Rostovtsev et al. 1992; Ruban 2007a,
2008a, b). The Callovian–Tithonian interval
has a total thickness of about 3.5 km
(Rostovtsev et al. 1992; Ruban 2007a, 2008a, b)
and is dominated by carbonate rocks.
Evaporites occur in the upper part of this
interval (Fig. 2). There are two major
unconformities, one at the base of the Lower
Jurassic deposits and the other between the
Bathonian and Callovian strata. Their
interpretation is controversial (Ruban 2007b).
The regional Jurassic paleoenvironments
were reviewed by Jasamanov (1978) and
Ruban (2006a, 2007a, 2008a). The sea was
generally warm, of normal salinity, and well
populated by marine organisms. There were
three outstanding events in the evolution of
this basin, namely oxygen depletion in the
Toarcian (Ruban 2004, 2008a; Ruban and
Tyszka 2005), carbonate platform develop-
ment in the Callovian–Tithonian (Kuznetsov
1993; Ruban 2005, 2006a, 2008a), and salinity
crisis in the Kimmeridgian–Tithonian (Ruban
2006a, 2008a). Ruban (2007a, 2008b)
recognized stepwise transgressions in the
Sinemurian–Toarcian and the Callovian–
Kimmeridgian and deepening pulses in the
Pliensbachian, Aalenian and Bathonian.
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Fig. 2
Composite stratigraphic sections of the Jurassic deposits
of the Greater Caucasus (modified after Ruban 2007a).
See Fig. 1 for localities. Time scale after Ogg et al. (2008).
Lithology: 1. hiatus (no deposits), 2. siliciclastics (con-
glomerates, sandstones, and siltstones), 3. shales, 4.
carbonates, 5. evaporites, 6. volcanics and volcaniclastics.
Thickness (m) is indicated to the left of columns
Materials and methods
Rock proportions
Changes in sedimentary rock proportions are described here in terms of both
lithologies and lithofacies. Lithologies are the types of sedimentary rocks,
whereas lithofacies are those sedimentary rock types (lithologies) that dominate
a given sedimentary succession by thickness which follows the Peters definition
(2006). The classification of sedimentary rocks used in the present study is based
on that proposed by Boggs (2006), with, however, two important differences.
Shale is distinguished from other siliciclastics because clay particles can be either
detrital or authigenic (Chamley 1989; Weaver 1989; Velde 1992, 1995; Fagel 2007).
Moreover, shale has physical properties different from siliciclastics. It seems that
in the Greater Caucasus Basin most if not all shale is detrital. Thus, a combination
of shale and siliciclastics was also considered. Siltstone is classed with siliciclastic
lithologies because it contains less than 30% clay particles (Boggs 2006). Thus, the
following lithologies are distinguished in the present study: siliciclastics
(conglomerate, sandstone and siltstone), shale, carbonates, evaporites, coals,
volcaniclastics and volcanics, and siliceous rocks. More detailed analysis of
lithologies, e.g. a distinction of carbonate rock types, is unnecessary because the
present paper aims to explain only general trends. Although volcaniclastic rocks
prevail over volcanic ones, both types occur together in some formations, and
volcanic rocks may play a significant role in the sedimentary succession. Volcanic
rocks were not excluded from the stratigraphic analysis attempted by Rostovtsev
et al. (1992), nor are they omitted in this study.
The data compiled for this study are extracted from Rostovtsev et al. (1992) and
Ruban (2007a) with some corrections based on field observations (see Appendix).
The region of the Greater Caucasus could be divided into a number of areas
differing by sedimentary successions and facies (Rostovtsev et al. 1992). Twenty-
eight areas were distinguished for the Sinemurian–Bathonian interval, and
thirteen for the Callovian–Tithonian interval [see Ruban (2008b) for a location of
these areas]. For the purposes of this study, lithologies and lithofacies have been
established for each of the 158 Jurassic formations known in the Greater
Caucasus. Most of the formations are characterized by a mixed composition. In
order to evaluate the true proportions of the particular lithologies, combining
several lithologies into one category is avoided herein.
The present analysis of the Jurassic rock proportions in the Greater Caucasus
Basin is carried out at stage level. The Jurassic chronostratigraphy follows the
recommendations of the International Commission on Stratigraphy (Ogg et al.
2008; see also www.stratigraphy.org). Although there were some differences in
establishing formations in the former USSR, the Jurassic formations of the
Greater Caucasus defined by Rostovtsev et al. (1992) fulfill the international
requirement for these kind of lithostratigraphic units (Salvador 1994), and can
thus be used in this study without any special caution.
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For the quantitative analysis, a simple equation is used:
WS=(NS/N)*100,
where WS is a lithology/lithofacies percentage in a given stage, NS is the number
of formations irrespective of their thickness containing this lithology/lithofacies
within a given stage, and N is the total number of formations irrespective of their
thickness recognized within the study territory for a given stage. All correlations
attempted with WS values are based on the Spearman's coefficient of pair
correlation (Kendall 1970). The same formation can certainly exist in several areas
under the same or a different name. This could potentially alter an evaluation of
proportions with the WS index. However, this problem appears solved by the
present study. We considered each formation from each area as a particular body.
Thus, every Jurassic stage is characterized by data from the same number of
areas.
Transgressions, regressions and basin depth
Transgression-regression and deepening-shallowing are distinct patterns of
basin dynamics that should always be distinguished. The former represents shifts
of the shoreline (Catuneanu 2006), whereas the latter reflects changes in the
absolute depth of the basin. A distinction between them in the Jurassic history of
the Greater Caucasus Basin was attempted by Ruban (2007a). Since the
Sinemurian, deep-marine environments, usually identified by turbiditic
successions, existed in at least one area of this basin. It is, therefore, better to
estimate the average basin depth, expressed by the relative distribution of the
areas with deep-marine environments.
An earlier evaluation of the Jurassic transgressions, regressions, and basin
depth was attempted for the entire Caucasus (Ruban 2006a), which is not
informative for the present study, which deals with a more restricted territory.
Ruban (2007a, 2008b) later calculated them for the Greater Caucasus Basin with a
high precision. To compare transgressions, regressions, and basin depth with the
changes in sedimentary rock proportions in this paper, information is required
on the transgressions-regressions and the changes in the average basin depth
determined for stages (thus, the scope of this study differs from those attempted
by Ruban (2007a, 2008b)). To do this, we use two equations, which are derived
from those proposed by Ruban (2006a):
Tg=(s+d)/c,
Da=d/s,
where Tg – index of transgression, Da – index of average basin depth, c, s, d – the
quantity of areas defined by Rostovtsev et al. (1992) and Ruban (2007a, 2008b)
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with continental, shallow-marine, and deep-marine environments, respectively.
The paleoenvironmental data on the Greater Caucasus Basin presented by Ruban
(2007a, 2008b) were used for calculations. In this study, shallow-marine
environments characterize shelfal conditions, whereas the deep-marine ones
characterize slope conditions, chiefly marked by turbidites. Such a simplistic
dichotomy seems to be efficient to evaluate the average basin depth in very
general values. Very few typically continental deposits occur in the Greater
Caucasus Basin (Ruban 2008b). They are accounted for in this study. It is sensible
to note that these continental deposits were formed near the shoreline and, thus,
their accumulation was influenced by the dynamics of the latter (Catuneanu
2006). However, most continental facies are established on the basis of observed
hiatuses. A difference between subaerial and subaqueous volcanism-related
facies was also made. A comparison of Tg, Da, and WS values was attempted in
this study with the Spearman's coefficient of pair correlation (Kendall 1970).
Sedimentary rock type proportions for the entire Jurassic
The Jurassic deposits of the Greater Caucasus Basins include many kinds of
sedimentary rocks. All of these rock types may be predominant and accordingly
can be defined as lithofacies, except for siliceous rocks, which do not dominate
any of the Jurassic formations in this basin. A calculation of sedimentary rock
proportions for the entire sedimentary succession provides some insightful
results (Table 1). The Jurassic deposits of the Greater Caucasus Basin are evidently
dominated by siliciclastics and shale, which occur in the majority of formations.
Carbonates are less abundant and are present in less than half of the formations,
whereas volcaniclastics and volcanics are present in a quarter of the formations.
Evaporites, coals, and siliceous rocks are rare. The results of the lithofacies-based
calculations are somewhat different. The most common predominant rock type
is shale, whereas siliciclastics dominate about a half of the formations. The
percentages of predominant carbonates and volcaniclastics and volcanics in the
regional Jurassic sedimentary complexes are low.
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Table 1
Sedimentary rock proportions for the Jurassic in the Greater Caucasus Basin
NOTE: each formation can contain some lithologies and lithofacies, and, therefore, SWS≠100%. 
Lithologies: Cla - siliciclastics, sha - shales, Car - carbonates, Eva - evaporites, Coa - coals, 
Vol - volcanics and volcaniclastics,  Sci - siliceous rocks
The observed difference between lithology- and lithofacies-based analyses of
sedimentary rock proportions can be explained with the assumption that
siliciclastics, carbonates, and volcaniclastics and volcanics occur in two modes, as
forming relatively thick units and as rare interbeds. In contrast, shale
preferentially forms thick layers or participates in rock alternations. Shale occurs
in 132 formations and dominates 110 (83%) of them. In comparison, siliciclastics
dominate in only 66%. One may hypothesize that a deposition of shale occurred
preferentially en masse. Submarine slumping of thick Lower–Middle Jurassic
dark-colored shale (Granovskij et al. 2001) confirms this indirectly. Our data
(Table 2) suggest that a bimodal deposition like that of siliciclastics was also
typical for carbonates.
Changes in lithology proportions through time
Lithology proportions changed markedly in the Greater Caucasus Basin
throughout the Jurassic (Fig. 3; Table 2). The proportion of siliciclastic lithology
generally decreased throughout the Jurassic. It dropped from 100% in the
Sinemurian to 58% in the Tithonian. An abrupt decrease in the siliciclastic WS
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Table 2
Number of occurrences (upper number) and WS (lower number) of Jurassic lithologies in the Greater
Caucasus Basin. In the "Stage" column, values in brackets below mean the entire numbers of
formations
occurred in the Middle Jurassic. Meantime, a short-term peak took place in the
Kimmeridgian, when the siliciclastic WS is comparable to that in the Bajocian.
The proportion of shale was very high until the Bajocian, when it began to
decline. However, an abrupt drop took place in the Callovian to be followed by a
slight rebound in the Late Jurassic. The proportion of carbonates was relatively
low until the Callovian, although the WS of this lithology registered for the
Sinemurian and the Bajocian was not so low. Carbonate sedimentation prevailed
in the Jurassic of the Greater Caucasus Basin from the Callovian onwards.
Evaporites are known only in the Callovian–Tithonian interval, and their
percentage in the Tithonian reached 26%. In contrast, coal is known in the
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Fig. 3
Changes in lithology and lithofacies proportions throughout the Jurassic in the Greater Caucasus
Basin
Sinemurian–Bathonian, and its WS values were high at the beginning and the
end of this interval. Volcaniclastics contributed to the regional sedimentation
until the Callovian only. Moreover, their proportions in the Sinemurian–
Pliensbachian and the Bajocian were comparable or even greater than those of
carbonates. Siliceous rocks (chert) are found only in one formation of Bajocian
age.
The above-mentioned changes in the WS values reflect the general mode of
evolution of the Greater Caucasus Basin, where the siliciclastic-and-shale-
dominated sedimentation changed to carbonate-dominated at the Bathonian–
Callovian transition. However, our quantitative data (Table 2) suggest that this
shift was more complicated. A unidirectional decline of shale began earlier than
that of siliciclastics (Fig. 3). The percentage of combined siliciclastics and shale
already declined since the Bajocian; also, this trend was interrupted in the
Bathonian (Table 2). A comparison of different stratigraphic intervals by their
lithologies (Table 3) confirms some abrupt changes at the Bathonian–Callovian
transition. But it also indicates a gradual change in the proportions of lithologies
throughout the entire Jurassic. Moreover, the lowermost correlation value
registered between the Sinemurian and Tithonian is just 0.54, which means an
absence of fundamental changes in the character of deposition. It would be better
to describe this as a major, but gradual turnover in the character of sedimentation
during the entire Aalenian–Callovian transition.
See Table 2 for abbreviations
Changes in lithofacies proportions through time
The Jurassic lithofacies proportions also changed significantly in the Greater
Caucasus Basin (Fig. 3; Table 4). The proportion of siliciclastic lithofacies
decreased in the Sinemurian–Bajocian, but increased in the Bathonian. This was
followed by a gradual decline. The proportion of shale lithofacies was very high
until the Bajocian, when it started to fall. In contrast, the carbonate lithofacies WS
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Table 3
Correlation of the proportions of observed lithologies by Jurassic stages in the Greater Caucasus Basin
was close to 0 in the Early-Middle Jurassic, whereas it rose abruptly in the
Callovian–Oxfordian with a peak value of 88%. A slight decline occurred later.
The WS values of other lithofacies were generally low during the Jurassic.
Evaporite-dominated formations appear in the Kimmeridgian–Tithonian,
whereas those dominated by volcaniclastics and volcanics prevail in the
Sinemurian and the Bajocian.
Our results confirm a major change in lithofacies during the Aalenian–
Callovian interval rather than an abrupt shift in the character of deposition at the
Bathonian–Callovian transition. In contrast to lithologies, shale declines later
than siliciclastics (Fig. 3). As in the case of lithologies, the percentage of combined
siliciclastics and shale already declined since the Bajocian; this trend was also
interrupted in the Bathonian (Table 4). However, the shift at the Bathonian–
Callovian transition was sharper on the basis of lithofacies than that of lithologies
(compare Tables 2 and 4). Comparing the correlation values for stages of the
Sinemurian–Bathonian and the Callovian–Tithonian for lithofacies (Table 5), one
can see a striking difference between them. The diversity of rock types in the
Sinemurian–Bathonian and the Callovian–Tithonian intervals is better expressed
by lithofacies than lithologies. The former interval was dominated by two main
lithofacies, whereas three were predominant in the latter interval. The
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Table 4
Number of occurrences (upper number) and WS (lower number) of Jurassic lithofacies in the Greater
Caucasus Basin
In the "Stage" column, values in brackets below signify the entire numbers of formations. See Table 2
for abbreviations
dominance of volcanics and volcaniclastics in the Early-Middle Jurassic is
incomparably less than that of carbonates in the Upper Jurassic.
Changes in siliciclastic rock proportions through time
Table 6 summarizes the changes in relative amounts of the principal siliciclastic
lithologies. In the Sinemurian, siliciclastic rocks in the Greater Caucasus Basin
were represented by comparable percentages of conglomerate, sandstone and
siltstone. However, the importance of conglomerate began to decrease from the
Pliensbachian onward and remained below 55% until the Late Jurassic. The
relative abundance of siltstone, in contrast, increased in the Toarcian–Aalenian
and then dropped gradually. The Callovian is exceptional because regional
siliciclastic deposition was dominated by sand in this stage. In the Late Jurassic,
the importance of sandstone decreased and became comparable with that of
conglomerate.
Episodes of siliciclastic coarsening occurred in the Sinemurian and the
Kimmeridgian but the overall sedimentation character in each was very different.
Whereas deposition of siliciclastics and shale prevailed in the Sinemurian, that of
carbonates and evaporites characterized the Kimmeridgian (Fig. 3). This requires
a special explanation (see below). As for the only episode of siliciclastic fining,
which occurred in the Toarcian–Aalenian, it corresponded well with an increase
in the proportion of shale (Fig. 3).
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Table 5
Correlation of the proportions of observed lithofacies by Jurassic stages in the Greater Caucasus
Basin. See Table 2 for abbreviations
See Table 2 for abbreviations
Discussion
Correlation of changes in sedimentary rock proportions with transgressions, regressions,
and average basin depth
A rapid transgression occurred in the Greater Caucasus Basin during the
Sinemurian–Pliensbachian after which the shoreline remained stable until the
Bajocian, when a regression began that continued through the Bathonian (Fig. 4).
A second transgression, more extensive than the former one, occurred in the
Callovian–Kimmeridgian interval. A regression occurred in the Tithonian, but
the basin remained very large. This regional transgressive-regressive pattern
corresponds generally to the global eustatic changes reported by Haq et al. (1987),
Hallam (1988, 2001), and Haq and Al-Qahtani (2005) (Fig. 4). The correlation
values (indicated in brackets below) between proportions of the three main
lithologies and Tg (index of transgression) differ strongly. The siliciclastic WS
increases together with a regression (–0.61) as does the WS for shale (–0.46).
However, the WS of carbonates increases with transgression (+0.75). Very similar
conclusions can be made for siliciclastic lithofacies (–0.87), shale lithofacies (–0.67)
and carbonate lithofacies (+0.78). The transgressive environments seem to be
slightly more favorable for accumulation of conglomerate (+0.20), but
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Fig. 4
Transgressions, regressions, and average basin depth of the Greater Caucasus Basin in relation to the
global eustasy
GREATER CAUCASUS BASIN GLOBAL CURVES
unfavorable for accumulation of sand (–0.88) and silt (–0.54). A negative
correlation occurs between proportion of shale and transgressions that requires
further explanation. In fact, one can observe that shale WS was high both at the
beginning of a transgression in the Sinemurian and at its maximum in the
Aalenian.
The average basin depth increased in the Greater Caucasus Basin during the
entire Sinemurian–Aalenian interval (Fig. 4). The average depth then decreased
abruptly, and the basin remained relatively shallow until the end of the Jurassic.
These changes do not coincide with the global eustatic curves by Haq et al. (1987),
Hallam (1988, 2001) and Haq and Al-Qahtani (2005). The correlation values
between proportions of the three main lithologies and Da differ markedly again.
The siliciclastic WS increases together with a relative deepening (+0.34) and the
same finding is true for for shale (+0.42). However, WS of carbonates increases
along with a relative shallowing (–0.50). Similar conclusions can be made for
siliciclastic lithofacies (+0.03), shale lithofacies (+0.67), and carbonate lithofacies
(-0.32). Relative shallowing appears to be favorable for accumulation of
conglomerates (–0.65), but unfavorable for accumulation of sandstone (+0.24)
and siltstone (+0.56). In any case, a correlation between proportions of lithologies
and Da (index of average basin depth) is generally weaker than a correlation
between proportions of lithologies and Tg. Thus, transgressions and regressions
were more important controls of changes in sedimentary proportions. Our data
also suggest that the larger extent of the shallower Caucasian Sea (sensu Ruban
2006b) explained the Kimmeridgian siliciclastic coarsening noted above.
A greater diversity of sedimentation (in terms of the number of principal
lithofacies) typifies the Callovian–Tithonian interval compared to the
Sinemurian–Pliensbachian interval. It was coeval to a major shoreline shift and
submergence of large areas, when shallow-marine conditions prevailed (Fig. 4).
One can hypothesize that as the submerged area increases, the variability among
the regional sedimentary settings will also increase. Do our quantitative
evaluations suggest that a dominance of shallow-marine environments is also
responsible for higher sedimentary diversity? Perhaps sedimentary
differentiation, physical destruction, and chemical dissolution were less efficient
on a shelf than on a slope. In other words, sedimentary processes are not
finalized, or even terminated, on a shelf. Therefore, the sediments preserved in
the shallow-marine setting are expected to be more diverse. But it is also
necessary to remember that deep-water environments also remained in some
parts of the Greater Caucasus Basin during the Late Jurassic (Ruban 2007a). Thus,
a higher sedimentary diversity of this epoch could be also a result of a sharp
bathymetric gradient in the basin. It is important to take in consideration
parameters of sedimentary influx to the basin as well as conditions for authigenic
mineral growth and biotic production. This remains a task for further studies.
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Tectonic control
Regional tectonic activity is always an important control of sedimentation. Its
balance with global eustasy is responsible for regional transgressions, regressions,
and changes in the basin depth. The Jurassic tectonic evolution of the Greater
Caucasus Basin has recently been reviewed by Ershov et al. (2003), Kazmin and
Tikhonova (2006), Ruban (2006b, 2007b, 2008a), Saintot et al. (2006) and Tawadros
et al. (2006). A collision between the Greater Caucasus Terrane and Baltica
resulted in a regional orogeny in the latest Triassic–earliest Jurassic, which
followed this terrane displacement along a major shear zone. A back-arc basin
began to open in the Sinemurian, and the opening lasted until the Bajocian. The
interpretation of the Bajocian–Bathonian tectonic events in the Greater Caucasus
is controversial. Ershov et al. (2003) and Saintot et al. (2006) suggested an orogeny
and a partial closure of the Greater Caucasus Trough. According to Kazmin and
Tikhonova (2006) it is difficult to explain such an orogeny. Ruban (2006b)
hypothesized a collision between the Northern Transcaucasian Arc and the
Southern Transcaucasian Arc that was resulted in a formation of the united
Transcaucasian Arc in the Bajocian–Bathonian. The onset of a regression in the
Aalenian (Ruban 2007a) suggests that such a collision might have started earlier,
i.e. at the end of the Aalenian. During the Callovian–Tithonian, the tectonic
regime of the Greater Caucasus Basin was quite stable. Some extension might
have occurred (Ershov et al. 2003), and Saintot et al. (2006) interpreted this time
interval to be a post-rift phase in the basin evolution.
The orogeny, which occurred in the latest Triassic–earliest Jurassic, explains the
high proportion of siliciclastic lithologies and lithofacies documented above
(Tables 2, 4). This tectonic event was responsible for abundant conglomerate
deposition in the Sinemurian (Table 6). Similarly, the Bathonian, although the
sediments of this age are not distributed widely, is marked by an increase in the
proportion of siliciclastic lithologies (Table 2) and lithofacies (Table 4). But why
were the WS values less high in the Callovian? If an orogeny had occurred in the
Bathonian, it would have led to an increase in siliciclastic deposition in the
Callovian, as happened after the earliest Jurassic orogeny. But this did not occur
in the Callovian. Moreover, we do not observe any remarkable increase in the
proportion of the coarse siliciclastics either in the Bathonian or in the Callovian
(Table 6). An arc-arc collision since at least the Bajocian may provide a better
explanation (Ruban 2006b, 2008a). This would require lesser tectonic forces than
those acting in the earliest Jurassic. The arc-arc collision could also be responsible
for some perturbation in the sedimentary rock proportions during the Middle
Jurassic. It seems that active volcanism within the Caucasian arcs could also be an
important control on sedimentation. Intensive volcanism might have led to
subsequent shedding of coarse-grained volcanic-derived detritus into the basin.
This is confirmed by the results of the present study (Tables 2, 6). However, a
coincidence between episodes of coarse clastic deposition and volcanism might
have also been occasional. The growth of arcs might result an increase in delivery
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of detritus to the basin due to an
increase in erosion. The above-
mentioned fundamental change in
the character of sedimentation during
the Aalenian– Callovian interval can
be explained with a change from the
very active tectonic regime in the
Early-Middle Jurassic to calmer
extensional tectonics in the Late
Jurassic.
Conclusions
This quantitative study of the
Jurassic sedimentary evolution of the
Greater Caucasus Basin demonstrated
the lithodiversity dynamics and yields
a number of important conclusions:
1. the principal Jurassic lithologies
and lithofacies in the Greater
Caucasus Basin are siliciclastics, shale,
and carbonates;
2. the changes from siliciclastic-and-
shale-dominated sedimentation to
carbonate-dominated sedimentation
occurred during the Aalenian–
Callovian;
3. transgressions and regressions
were more important controls of changes in the sedimentary rock proportions
than average basin depth;
4. an extended area of the marine basin, its lower average depth, and a sharp
bathymetric gradient were favorable for a higher diversity of sedimentation;
5. tectonic controls, which included the Late Triassic–Early Jurassic orogeny,
the Bajocian–Bathonian arc-arc collision, and the Late Jurassic post-rift phase,
had an important effect on the sedimentary rock proportions.
The Jurassic Greater Caucasus Basin, chosen as a subject for this case study,
provides a lot of information for further comparison with that from other back-
arc basins. When particular tectonic events mask the general trends, a
comparison of quantitative data from many basins may help to reveal them.
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Table 6
Number of occurrences (upper number) and WS
(lower number) of Jurassic siliciclastic lithologies
in the Greater Caucasus Basin
In this case, lower values are percentages of
particular siliciclastic lithologies among all
siliciclastic rocks. In the "Stage" column, values in
brackets are the total numbers of formations
with siliciclastic lithologies. See Table 2 for
abbreviations
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